INTRODUCTION

Experimental design
The study was conducted in a crossover, randomized, placebo-controlled, and double-blind way. All individuals came to the laboratory on three occasions. The first visit was used to explain the experimental procedures, to take anthropometric measurements, to familiarize subjects with rhythmic handgrip exercise, and to randomize subjects to either 100 g of beetroot-based nutritional gel (BG) or a control nitrate-depleted gel (PLA). The BG (12.2 ± 0.2 mmol of nitrate) and PLA (0.2 ± 0.02 mmol of nitrate) were prepared according to Oliveira et al. [23] and Morgado et al. [24] . On the second and third visit, maximal forearm muscle isometric strength was measured (T0) followed by a single dose of BG or PLA supplementation. Approximately 120 minutes (T120) after the nutritional supplementation, three sets of rhythmic handgrip exercise were performed. Based on previous studies that have shown bioconversion of dietary nitrate into nitrite at approximately 120-150 min after beetroot supplementation, exercise performance was assessed at 120 minutes after beetroot gel ingestion [11, 22, 25, 26] . The near-infrared spectroscopy (NIRS) device was used to assess the forearm muscle O 2 saturation (SmO 2 ) during exercise and exercise recovery. Maximal voluntary contraction (MVC) of the forearm muscles was assessed before (baseline) and at 20 min after handgrip exercise in order to measure the muscle strength recovery. The three visits were held between 07:00 and 12:00 a.m. For each participant, one week elapsed between the nutritional interventions (visits). Subjects were instructed to fast for at least 8 hours before each visit and not use any antibacterial mouthwash for the duration of the experimental period.
On the day before the study, participants were instructed to restrict nitrate-and nitrite-rich foods. A list containing the food groups and foods to be avoided was distributed.
Forearm muscle isometric strength
The maximal voluntary contraction was performed as described in the previous study of our laboratory [22] . Briefly, MVC of the forearm muscles was assessed through three maximal repetitions interposed by 30 s of recovery between each MVC and the highest value was considered. When the highest MVC value was not reached by the third attempt, an additional MVC was performed until isometric strength reached a plateau or decreased. MVC was adjusted according to each subject's body weight and the MVC values were expressed by the change from baseline values (ΔMVC).
Exercise protocol
The handgrip exercise protocol was performed according to previous studies of our laboratory [22] . Briefly, all participants were in a supine position and three sets of handgrip exercise were performed at 40% of the MVC interposed by 60 s of exercise recovery. The concentric and eccentric muscle contraction phases were controlled throughout the handgrip exercise by using a metronome sound at 0.5 s for each muscle contraction phase (60 contractions per minute). The exercise began 120 min after the BG or PLA supplementation and all energy production had become more efficient. The authors suggested that these effects might have been attributed to the improvement in mitochondrial function (reduced proton leakage over the inner mitochondrial membrane) after dietary nitrate ingestion. Furthermore, several studies have reported improvements in muscle force [11, 12] , muscle energy economy during exercise [10, 13] and exercise tolerance [14, 15] in non-athlete subjects (lower physical levels). Although the ergogenic effect of beetroot consumption on exercise performance has been confirmed in non-athlete subjects [16] , the current pool of data reporting the effect of beetroot supplementation on exercise performance in athletes (high physical levels) is not enough to delineate the optimum nutritional strategies for this population.
While previous studies have failed to demonstrate a positive effect of dietary nitrate in trained athletes at different sport modalities such as cycling, kayaking, and swimming [17] [18] [19] [20] [21] , we have recently shown that Jiu-jitsu trained individuals improved grip isometric strength after 8 days of beetroot-based supplementation [22] . Given the importance of improving grip strength for combat sports athletes and the divergent findings for beetroot supplementation in trained individuals, the present study investigates whether a single dose of beetroot-based gel ingestion improves muscle strength and muscle O 2 saturation in combat sport trained athletes. Instead of multi-day, beetroot-based supplementation, a single dose may be a more practical and convenient nutritional strategy for combat sport athletes, since such individuals already ingest a high amount of food daily.
Thus, it was hypothesized that a single dose of beetroot-based gel supplement would improve muscle strength and muscle O 2 saturation in combat sport trained athletes.
MATERIALS AND METHODS
Participants
Fourteen adult male Brazilian and recreational combat sports athletes Effect of dietary nitrate ingestion on muscle oxygenation and strength participants performed the handgrip exercise until fatigue, defined as the participant's inability to maintain the exercise rate (as contraction rhythms mismatch with metronome sound) and/or range of motion was reduced for more than 5 consecutive contractions. The exercise time until fatigue (ETF) was recorded in order to assess exercise tolerance. 
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Statistical analysis
The normality, homogeneity of variances and sphericity of the data were examined with the Shapiro-Wilk, Levene and Mauchly tests, respectively. Paired t-test was performed to identify differences in ΔMVC between BG and PLA supplementation. A two-way ANOVA with repeated measurements was performed to identify differences in MVC, SmO 2 parameters, and ETF between BG and PLA supple- 
RESULTS
At the end of the study, the participants were asked if they were able to recognize the beetroot-based gel. Most of the participants were unsure about which supplement they had been taking (i.e. nitrate-rich beetroot-based gel or placebo intervention). Although some of the participants expressed certainty that they ingested the nitrate-rich beetroot-based gel, it had in fact been the placebo.
Forearm muscle performance
Values of maximal voluntary contraction (ΔMVC) of the forearm muscle after 20 min of the handgrip exercise are presented in Figure 1 . Paired t-test revealed a significant difference in ΔMVC after BG compared to PLA supplementation (p = 0.036) and a large effect size was observed (d = 0.94). Additionally, two-way ANOVA exercise and exercise recovery are presented in Figure 2 and Table 1 .
There were no significant differences (interaction effect for set of exercise by treatment) in SmO 2min (p = 0.260), SmO 2slope_1 (p = 0.819), SmO 2slope_2 (p = 0.643), SmO 2Ex (p = 0.459), SmO 2Rex (p =0.141), tHb Ex (p = 0.690) or tHb Rec 
DISCUSSION
The aim of the present study was to investigate the effect of a single It has been reported that forearm muscle is highly fatigued during bouts of combat sports; therefore, the ability to recover rapidly between combat bouts may be crucial to improving exercise performance [3] . The current study demonstrated that a single dose of nitrate supplementation improved ΔMVC after three bouts of exhaustive handgrip exercise in combat sport athletes. The results of the present study are in agreement with our previous study [22] , which demonstrated that nitrate supplementation for 8 days was able to improve ΔMVC after three bouts of handgrip exercise in trained jiu-jitsu test revealed no significant difference in MVC at baseline (PLA:
6.67± 0.82 vs. BG: 6.64 ± 0.50 N/kg, p = 0.904) and 20 min after 3 sets of handgrip exercise (PLA: 5.97 ± 0.93 vs. BG: 6.40 ± 0.60 N/kg, p = 0.161). However, a moderate effect size (d = 0.54) at 20 min was observed. Values of ETF are shown in 
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Effect of dietary nitrate ingestion on muscle oxygenation and strength athletes. These beneficial effects of dietary nitrate supplementation on forearm muscle strength have also been observed in recreational, physically active subjects [12] and in older adults [23] . Collectively, the previous and present findings are particularly interesting since they suggest that beetroot-based supplementation improves muscle strength regardless of the period of supplementation (8 days vs. a single dose). This finding may be related to the fact that a slight increase in NO levels can regulate sarcoplasmic reticulum Ca 2+ release during muscle contraction and muscle metabolism [7, 25, 27] , which might improve muscle strength. Therefore, no additional effect would be observed with chronic supplementation.
Additionally, it is important to note that, in the present study, the In contrast to the isometric muscle strength, ETF was not improved after acute BG intake, suggesting that the divergent effects of beetroot supplementation on exercise performance may be related to the type of muscle action involved in a given task (i.e. isometric vs.
isotonic contraction). In line with the ETF findings, a previous study from our laboratory also failed to show improvement in ETF after 8 days of beetroot supplementation in trained jiu-jitsu athletes [22] .
A recent meta-analysis showed that the exercise performance of individuals with higher fitness levels benefit less from nitrate supplementation than individuals with low fitness levels [16] . Porcelli et al. [28] [26] .
Furthermore, it has been demonstrated that nitrate and nitrite are present in human skeletal muscle and the baseline concentrations of these anions in skeletal muscle are higher than in plasma [30] . [32] . The effect of NO on muscle metabolism regulation and vascular responsiveness depends on its concentrations at the reaction site, the period of exposure, and type of vessel (conduit or resistance arteries) [7, 33] . Thus, it seems that trained athletes might need a longer period of exposure to dietary nitrate supplementation in order to change SmO 2 during exercise and exercise recovery [26] . In contrast, recreational physically active subjects seem to improve the SmO 2 after a single dose of dietary nitrate intake [12, 23] .
One of the limitations of the present study was not evaluating nitrate and nitrite before and after beetroot supplementation. However, several studies have demonstrated a significant increase in plasma and urinary nitrate following a single dose of beetroot consumption [11, 23, 34] . For example, Coggan et al. [11] observed a 14.5-fold increase in plasma nitrate after beetroot consumption and exercise recovery were not improved. Therefore, a single dose of beetroot gel supplementation may be considered a good nutritional strategy to attenuate declining forearm muscle strength caused after several rounds of combat sports performed intensively or without adequate recovery time.
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containing ~11 mmol of nitrate/dose. Oliveira et al. [23] was regarding the compliance of nutritional supplementation restrictions by the participants; although all participants had been instructed not to take antioxidants, amino acids, and/or pre-workout supplements, there was no way to guarantee they had adhered to the nutritional and supplement restrictions.
CONCLUSIONS
A single dose of high-nitrate beetroot-based gel accelerated maximal forearm muscle isometric strength recovery 20 min after exhaustive handgrip exercise in recreational combat athletes. However, the exercise time until fatigue and muscle O 2 saturation during exercise
